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RESEARCE MEMORANDUM

AN INVESTIGATION OF THE CONTROL EFFECTIVENESS OF TIP
ATTERONS AND SPOILERS ON A LOW-ASPECT-RATTO
TRAPEZOIDAL-WING ATRPIANE MODEL AT
MACH NUMBERS FROM 1.55 TO 2.35

By Norman D. Wong
SUMMARY

A wind-tunnel investigation has been made of three types of lateral
control devices on & low-aspect-ratlio trapezoidal winge Tip ailerons, a
plain spoiler, and & vented spoiler were investigated to ascertain the
relative characteristics of each system. The tests were conducted at
Mach numbers of l.55, 190, and 2.35 and at a Reynolds number of
approximately l.4x108.

The results indicated the superlority in roll power of the tip
ailerons over the plain and vented spollers. With tip ailerons alone,
the roll capabillity was adequate to satisfy the military specification
requlirement. At 250 deflection, the roll effectiveness of the vented
spoller was more than three times that of the plain spoiler butbt was
sufficient to meet the specifications only at M = 2.35.

INTRODUCTION

The loss of effectiveness at high angles of attack and an inherent
nonlinear variation of effectiveness with deflection, particulariy at
low speed, are characteristics of the plain flap type spoiler. In order
to alleviate this situation, several means have been utilized. One
method of improving the effectiveness is to combine with the spoiler a
s8lot through the wing and a deflector Installed on the lower surface of
the wing, as presented in references 1 and 2. In addition, relatively
low hinge moments can be obtained with the proper projections of the
upper-surface spoiler and the lower-surface deflector. Another means of
obtaining greater lateral control than is possible with plain spoilers is
by the use of all-moveble tip ailerons. Inasmuch as the moment of the
control forces sbout a given axis 1s approximstely proportional to the
control-ares moment sbout that axis, the tip aileron with its large

l_!x_g l.
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lever arm gbout the roll axis can be expected tc be very effective as &
roll control. Furthermore, the hinge-mament characteristics can be
readlly controlled by proper location of the hinge line to balance the
forces on the control.

In order to provide a comparison of the effectiveness of plain spoilers,
spoller-slot-deflectors (hereafter referred to as vented spollers), and all-
movable tip allerons on a trapezoidel wing, an Investigation was conducted
in the 9~ by T-foot test section of the Ames Unitary Plan wind tunnel.
Information regarding this wind tunnel is presented 1n reference 3. The
results are presented and discussed hereine. '

COEFFICIENTS AND SYMBOLS

The system of axes and positive direction of forces, moments, and
angles are presented in figure 1, which shows the coefficients, Cy,, Cp,
Cm, C1, Cy, and Cp, referred to the stability axes. The moment center
was located st the quarter chord of the wing mean aerodynamic choxrd.
The coefficient Cp was based on the balance drag only (not corrected
for base pressure), since the internal drag due to the air flow in the
ducts was not measurede.

The slgn convention of alleron deflection is designated in figure 1;
that is, for either left or right aileron, positive direction 1s defined
as trailling edge downe. :

The following coefflcients and symbols are used in thise report:

b wing span, £t
c wing chord, £t
T wing mean aerodynamic chord, ft
Cr, lift coefficient, éégﬁ

drag
Cp drag coefficient, S
Cm pitching-moment coefficient, pite qgapo L
Cy rolling-moment coefficient, — égb at

ide f
Cy side-force coefficient, §__Eag9292
moment

Cn yawing-moment coefficient, ygwinng 4
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15 aileron effectliveness for two tip ailerons, rate of change of
tot rolling-moment coefficient with total aileron deflection,

man Ao

ML WUTE

Cy rate of change of rollingﬁmoment coefficlent with g%g per
P radian

Mach number
helix angle generated by the wing tip in roll, radians

angular velocity in roll, radians/sec

free~stream dynamic pressure, 1b/sq £t

Reynolds number per £t

total wing area (projected), sq £t

free-stream velocity, ft/sec

(e A angle of attack of wing reference chord, deg

B angle of sideslip of fuselage reference axis, deg

el individusl tip alleron deflection, positive leading edge
upward, deg
(Subscripts I. end R are used for left and right, respectively.)

Stot total tip alleron deflection, &y, ~ Oy, deg (left and right
aileron deflections equal and opposite from an offset neutral
position)

55 spoller deflection, deg

A increment resulting from control deflecticon
MODEL AND APPARATUS

The model (figs. 2, 3, and %) consisted of a low-aspect-ratio wing
located above the fuselage center line, a “I" tail, and two nacelles, one
on each slde of the fuselage under the wing~fuselage Jjunction. The wing
had a 3.5-percent-thick blconvex airfoll section, an aspect ratio of 3.2,
a2 taper ratio of O. h and a leading-edge sweepback of 25. 75 o Drawings
and details of the model are shown in figures 5, 6, and 7. The geometric
characteristics are presented in table I.
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Three types of lateral control systems were tested - tip aillerons,
plain spoiller, and vented spoller., Tip allerons were located on both
the left and right wing tips and could be deflected lO0 20° , Or 30 in
elther directione. - For this control configuration, cutrigger housings
were located inboard of the tip ailerons as shown in figure 3. The plain
spoiler was Iinstalled on the upper surface of the left wing panel onlye.
This control was investigated at 25 and 50 deflection, which 18 equliva-
lent to vertlcal projections from the upper wing surface of approxi~
mately 0.03c and 0.06c respectively. A detail of the combination of 25
pPlain spoiler and -20° left tip ailleron deflectione is shown in figure 3.
The vented spoiler configuration, installed on the left wing oniy, con-
sisted of a spoller mounted on the upper surface of the wing, a slot
through the wing, and a deflector installed on the lower surface. Both
spoiler and deflector were set at 25° (the only deflection tested), which
is equivalent to projections of 0.06c and 0.Okc, respectively. With this
control device, the outrigger housings were moved outboard to the wing
tips and reduced in length (fige 4). In order to study the effect of alr
flow through the vented area in the wing, two blockages (17~ and 29-percent)
were investigated. Blockage was defined as the ratio (in percent) of the
blocked area to the total area of the slot. Zero blockage was not possible
because of the Q.37=-inch-~thick chordwise supporting ribs.

PROCEDURE

During the investigatlon, test data for all configurations were
obtalned by varying the angle of attack from ~-3° to 15° at B & 0°. Two
of the configurations, complete model and model with -10° left tip
aileron, were also investigated through a range of sldeslip angles from
-3 to 9 at angles of attack of 20 3 50 and. 9 e The Mach numbers were
1.55, 1.90, and 2.35 and the Reynolds number was approximately 1l.4x108,
based on the wing mean aerodynamic chord.

To obtain the aileron effectiveness, the left tip aileron was
deflected from 20° to -30° at increments of 10°. Tests were also run
with allerons deflected differentially from an offset neutrsl position
as shown in the table below.

Offset neutral Differential deflection

81,, BRrs DByots position, from neutrel position,
deg deg deg deg _ des

-10 =10 0 : 10 —

-20 -10 -10 -15

The two attitudes of the plain spoller investigated were 25° and 50°
deflectlon. Alsc investigated was the combination of -20° deflection of
the left tip aileron and 25 deflection of the plain spoiler.
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The vented spoller control was deflected only at 25°; the deflector
was set at the same angle. Vent bloekages of 17 and 29 percent were
investigated.

Tip aileron deflections of 0% and 10° (left aileron) were also run
with both horizontal and vertical tails removed in order to evaluste
possible interference effects of the flow field in the reglon of the
tail.

The preclsion of the data is indicated by the last significant
figure to which the date are tabulated.

RESULTS AND DISCUSSION

The six~caomponent wind-tunnel data are tabulated in coefficient
form in table IT. Since the investigatlon was concerned primarily with
lateral control, only the rolling-moment and yawing-moment date of
table II have been presented In grephical forms. These summary graphs
will be utllized in the following presenitsetion of the control
characteristics.

Tp Ailerons

Rolling power.= The variation of incremental rolling-moment coeffi-
cient with alleron deflection at various angles of attack is presented
in figures 8 and 9. Included are dsta obtained with ailerons deflected
individually and with silerons differentially deflected from an offset
neutral positiones® In general , alleron effectiveness increased with
increasing angle of attacke This effect was substantial at M = 1l.55,
but was less pronounced at M = 1l.90 and 2.35¢ The differential deflec=
tion data of figure 9 Indicated approximately the same unit effectiveness
as that obtalned with individual aileron. Based on figure 8, the varia-
tion with Mach number of alleron effectiveness for two allerons deflected
differentially from zero neutrsl position is presented in figure 10. The

values of CZB for the angle-of-attack range Iindicated were taken as
tot
average slopes over the range of alleron angles tested. A decrease in

effectiveness with increasing Mach number 1s evident.

iDeflecting allerons differentially from an offset neutral position
is envisioned as a means of decreasing local angles of attack at the
aillerons when the wing angle of attack 1s large, thereby maintaining
alleron effectiveness.
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The test results (table II) obtained with both horizontal and verti-
cal tall surfaces removed indicated neariy the same incremental rolling
moments due to slleron deflection as those obtalned wilith the complete
model configuratione Accordingly, it can be inferred that wing=-tail
interference was slight.

Yawing moments due to aileron deflection.~ The incrementsl yawing-
moment coefficient due to left tip eaileron deflection at zero angle of
gideslip is presented in figure 1ll. The yawing moments due to ailerons
deflected differentially from verious offset neutral positione are shown
in figure 12. The zero neutral position curve is obtained from the data
of figure 1ll1l; the offset neutral position curves are derived from data
obtained with combined left and right ailerons. The curves presented in
figure 12 are typical of data for other offesets and total aileron deflec-
tionse A close study of figures 11l and 12 reveals that dats obtained
with silerons deflected individually are additive; accordingly, dats for
an individually deflected alleron can be used to predlct with reasoneble
accuracy yawing moments due to differentiaslly deflected aillerons.

Plain Spoiler

Rolling poweres= The variation of the incremental rolling-moment
coefficient with angle of attack for 250 and 50° deflection of the plain
spoiler is presented in figure 13. The effectiveness decreased with
increasing angle of attack and Mach numbere.

Yawlng moments due to plain spoiler deflectione.- The incremental
yewing-moment coefficient due to 25° and 500 deflection of the plain
spoiler at zero angle of sideslip is shown in figure 1lk. The yawing
moments were negligible at M = 1l.55 and 1.90, and were small, but not
adverse, at M = 2,35. At high angles of attack the yawing moment and
rolling moment were spproximately of the same magnitude.

Vented Spoller

Rolling powere.=~ The variation of incrementel rxrolling-moment coeffi-
clent with angle of attack for 25° geflection of the vented spoller with
17- and 29-percent vent blockages is presented in figure 15. At M = 1.55,
AC; decreased wlth increasing engle of attack; at M = 1.90 and 2.35, the
effect of angle of attack was slight. The effectiveness decreased with
increases in Mach number and vent blockages

Yawing moment due to vented spoller deflection.~ The incrementel
yewing-moment coefficient due to 25° deflection of the vented spoiler
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with 17~ and 29-percent blockages at zero angle of eideslip is shown in
figure 16, Favorable yawing moments were indicated throughout the angle-
of-attack range at all Mach mumbers. The yawing moments with either value
of blockage decreased with increasing angle of attack at M = 1l.55. At
M= 1,90 and 2.35, AC; was approximately constant for both blockages for
angles of attack up to about 12°. Tt is evident that the effect of vent
blockage was generally small and was only noticeable at M = 1.90 for
angles of attack greater than 6°.

Comparison of the Varlous Contrcl Devices

Incremental rolling moments.- A comparison of the Incremental rolling-
moment coefficients for several latersl control devices is shown in fig-
ure 17. The tip ailerdns provided, by far, the greatest rolling moments.
The vented spoiler, compared with the plain spoller at the same deflec-
tion (25°), was more than three times as effective at a = 2° for sll
Mach numbers. At high angles of attack the effectiveness of the plain
spoller deteriorsted 4o a negligible amount (_fig. 13); the vented spoiler
essentially retained its effectiveness (fige 15).

Roll capabilitye~ The estimated controlliability presented as the
variation of pb/2V_ with Mach number for several control systems is
shown in figure 18.2 The military specification requirement was deter-
mined from reference 5 for a representative Class II airplane at an
altitude of 40,000 feet. From figure 18 it can be seen that at the lower
Mach number the specified rolling rate is attainable only with tip allerons.
Total aileron deflection of 50° will be required at M = 1.55; only 10°
will be required at M = 2¢35. '

The lack of roll power of the spoilers at the low Mach number is
gulte apparent; the required p‘b/EV of 0.066 was far from being satisfied
with any spoller configuration. Only at the higher Mach number was the
required value of 0.015 attalnable with spoiler configurations. The
estimated value of pb/2V based on 50° spoiler and 35° aileron deflec-
tions indicated +that the roll capabllity was adequate. It must be
realized, however, that the allerons accounted for more than 69 percent
of the roll powere.

2For the condition of steady roll sbout the longitudinal wind axis,
the roll helix angle is defined as pb/2V = Cy /Czp; where Cp  is the

damping-in-roll derivetive of the winge This equation neglects the damp-
ing of other parts of the airplane. Values of CZP obtained from refexr-

ence U were -0.338, ~0.271, and -0.215 at M = 1.55, 1.90, and 2.35,
reapectively. Estimates of pb/EV were made for a rigid wing, that is,
no effect of aercelasticity was considered, and were based on o = 2%,
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The effects of aercelasticity on tip aileron effectiveness were
approximated by.caleculating for specifled £flight conditions the deforme-
tlon of a typical thin wing structure, and increasing by this amount the
alleron deflections that were previously calculsied from the experimental
results which correspond to & rigid winge. The results are illustrated in
the followlng tabulation:

Total alleron deflection

Mach number Rigld wing Elastic wing
1.55 50° 60°
1.90.° . 340 509
2435 10° 20°

It 18 evident that the effects of aercelasticlty are substantial.
Aeroelastic effects on vented spoller effectiveness can also be pronounced.
For example, at M = 2.35, a spoller deflectian of 250 will produce a
Pb/2V  of 0.024 for & rigld wing but only 0.0l for an elastic winge

Yawing moments due to lateral control deflecticne.- Yawing moments
are generslly considered In the study of lateral control. Figure 12
indicates that favorable yaw due to two allerons deflected dlifferentially
from zero neutral position will be experienced at o < L° at M = 1.55
and 1.90. At greater angles of attack and for all positive angles at
“M = 2,35, alleron deflection will generally result in adverse yawing
moments.

When allerons are differentlially deflected from an offset neutral
position (fig. 12), the resulting yawing momente at all Mach numbers will
be favorable over a larger portion of the angle-of-attack range than
those for ailerons deflected from zero neutral poeltione. The angle-of-
attack range over which favorsble yaw will be experienced becomes larger
wilith increasing initial offset aileron anglese.

One advantage of the spoiler type of lateral control device is that
the yawling moments produced are generally favorable, or small 1f adverse.
This investigation substantiates this characteristic for, as previously
mentioned, the Incrementsl yawlng moments due to the plain spoiler deflec-
tion were generally small and those due to the vented spoller were
favorable.

CONCLUDING REMARKS

An investigation of the lateral control charscteristics of tip
ailerons, & plain spoller, and a vented spoller on a low~aspect-ratlo
trapezoldsl wing was conducted in the Ames 9- by T-foot supersconic wind
tunnel at Mach number of 1.55, 1.90, and 2.35 and at a Reynolds number
of approximately l.4x108.
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Of the three lateral controls investigated, the tip silerons were
by far the most effective, Estimated roll helix angles produced by the
tip aillerons were adequate to satisfy the military specification require-
ment at all Mach numbers. The roll capsbllity of the vented spoiler at
250 deflection satisfied the specification regquirement only at M = 2.35,.
The vented spoiler compared with the plain spoller at the same deflection
(25°) was more than three times as effective at low angles of attacke. At
high angles of attack, the effectlveness of the plain spoliler deteriorated
to a negligible amount; the vented aspoller essentislly retained its
effectiveness,

The effectiveness of tip ailerons generally increased with Increase
in angle of attack, partlcularly at M = 1.55, and decreased with increas-
ing Mach number. The angle-of-attack range over which tip ailerons
provided favorsble. yawing moments became larger with increasing initial
offset anglese.

Ames Aeronsutical ILaboratory
National Advisory Committee for Aeronautics
Moffett Field, Calif., Sept. 26, 1957
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TABLE Y.~ GECOMETRIC CHARACTERISTICS OF THE MODEL
Wing -
Area (projected), BQ £E « + o « « « o o o o o o« o o o o o o leTh2
Bepect raE10 ¢« ¢« 4 ¢ ¢ e i i e d h d a e e e e e e e e e e 3.2
Teper T8EI0 « ¢ ¢ ¢ o o o o o o o 4 o'a o o a o o« s s o o o o Oolt
Span, £t « « « o ¢ o Gt e et s e e e s e e e s e e e e . 24360
Mean serodynemic chord, ft e e s s s e e s e s s s e s e s s 0783
Root chord, £ ¢« o« o « ¢ o o ¢ o o « o « o s o s o o o« o « o o 1,054
Leading edge location
Station, dne o o o ¢ ¢ ¢ %6 o @ e T CTETE e e e e e 29425
Water 1ine, dBe « v o« « o o o o 2 o« & o = o s & o a"o o o 6.86
Tip chord, PL & o o o o « o s o o o o a' s « o s « = oo o « » Q22
Dihedral, GEZ =« o ¢ e ¢ o ¢ ¢ a e e F7e o ¥ e e % s «a o« o o« =" —0
Ingid-_en.g@ desz « o 2 & & & & o e & e 2 & & & o 2 o & = e & & e : :2
Sweepback (projected plane), deg
Teadlng €d@2 o ¢ « e o 2 o o o o ¢ o o o o o o & « e o o 25.75
Qlal'ber-chord lj._ne 4 & & @« @ @ ¢ o & ® @ & 8 & e & o & & 6w 19.20
Trailing €38 « o o « « o+ o o s o o o o & o« s s s o s o + o =306
Airfoil section . . . & e o o s s s« s s e s s s &« s« &« s« & DBiconvex
Percent thickmess . « ¢ ¢« ¢ ¢ ¢ ¢ ¢ ¢« o o ¢ ¢ o« o & « o e 3¢5
Ares, SA £t o o o ¢ 4 o 4 s s 4 4 s 4 s e s e o e s s e s« 0.,0534
Span at hinge line, ft o e & e e o s e i s e s s e o o e« o 00118
Percent wing semispall « « o « o« o o o « « o o o o ¢ o o s 10
Inboard chord, £ « « « o o o s o o o« o o o o s o o o s « « 048
Tip chord, £t . « . . e e + s 4 e s e o e s s s s e e e+ Dele2
Hinge line, percent wing ChOrd o o« ¢ ¢ ¢ o o o o« ¢ ¢ o o o @ 35
Vented spoiler
Area, 8@ ££ o ¢ o ¢« 4« o o o ¢ o s s s e 4 s s e s e« o o o 0.0718
Span, ft L] - [ . . ¢« . e e . . - [ [ . s s e s . . . . . . 0.70_
Chord, percent wing CHOTA & o o o o « o o o o o o o« « o o « 1
Inboaxrd location .o - :
Wing station, Ine .« ¢« ¢ ¢ ¢ o ¢ ¢ ¢ ¢ o o ¢ o ¢ o « o o o 3.54
Percent semispan « « ¢« ¢« ¢ ¢ ¢ ¢ o 2 o o o s o o » o o o o 25
Outboard location
Wing station at hinge point, In. « v & v ¢ ¢ &+ ¢« ¢« « « « « 11l.98
Percent SEMISDEII o« « « « o o o o o o o o o o o o o o o o o 8k.6
Hinge line, percent wing chord « « « o ¢ o o o s o s« o « » o 63
Spoiler deflector
Area, 8@ £F & ¢ ¢ 4 4 ¢ e 4 e e 4 s 4 e e e e s e e o« o 00513
Span, £t « « « « . . T T T 0.703
Chord, percent wing chord « e ¢ a s e o o o s o & s e e s o 10
Inboard location . : . _ ..
Wing station, 1Me « o o o ¢ o o o ¢ o ¢ o o o o o « @ o & 354
Percent SemiSDan « « o « ¢ o ¢ o o ¢ ¢ o o ¢ ¢ ¢ o o o o o 25
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TABIE I.- GEOMETRIC CHARACTERISTICS (OF THE MODEL ~ Continued
Outboard locatlon
Wing station, e « ¢ ¢« ¢ ¢ ¢ o o ¢ ¢ o o « o o o s s « « 11.98
Percent Semispam « « o« o ¢ o ¢ ¢ ¢ ¢ o o o« o o o .« e e 8h.6
Hinge line, percent wing chord . « « ¢« ¢ « ¢ & o+ & “ e e 73
Plain spoiler
Area, 8@ 5 « v ¢ ¢ 4 4 d e 4 4 e s e 6 a4 e s e <« » « 040323
Span, Tt ¢« ¢ o o o o o ¢ ¢ 4 o o e o o s o s o s s « e« e 0.555
Chord, percent Wing chord « « « « 2 & « « o o o « s « o o & 8
Inboard locstion
Wing station, Ine .« « o« ¢ ¢« ¢ ¢« ¢« ¢ ¢ ¢ ¢ o o « « o« o 397
Percent SEMiB8PAI « « o o « « « o o o o « o o o e s e s 28
Outboard location
Wing station at hinge point, IMe « « o « « « o o o « « o « 1062
Percent semispan « « ¢ « « ¢ ¢ o o« « « o o ¢ « & e o o o ™
Hinge line, percent wing chord « « « + « o o & o & e e e 69
Fuselage _
Tengbh, £ ¢ ¢« ¢ ¢ o o ¢ ¢ o ¢« 4 o ¢« o o s o« o o o & « o e e b okl
Maximum height, £5 « ¢ ¢ ¢ o ¢ ¢ ¢ ¢ ¢« ¢ ¢ ¢« o o o & ¢« e e e 0.300
Maximum Width, £t . * & e o ¢ & « s a & © o e & @ « @« o o 00263
Vertical tail
Arega, 8@ Tt « ¢ ¢ ¢ o 4 ¢ ¢« o o o ¢ ¢ o s o o o o « o o 0.292
Aspect ra&Bi0 « ¢« ¢ ¢ &4 ¢ ¢ ¢« ¢ e e e e e @ o e e o o s e e » 1
Toaper ratic o o o« ¢ o« o ¢ o o o o o« « o o« s « « o = « + e e 0«67
SPan, £E ¢ o ¢ ¢ ¢ o ¢ 4 o o s o e o o e o o 2 e o s « « + « 0.5k0
ROOL ChOT@, £F « o o o o o o s o o « s « s o o s « s o s s « o+ 0s645
Leading edge location
Sta-tion, INe « e o o o o s s o o« s s a & o o o « o o l!'5.90
Water 1ine, INe « « « o « o o o o « o o o o o o o o o o o 8410
TiP Chord, Ft « o o o o o o o o « o « s « o o s o o o o « « o 0s435
Leading edge location
Station, IMe o o o ¢ o ¢ o o o o o « 2 e 4 o s a4 e e e o s Sk
Water 1ine, Ine « « « o « « o « o « o« s o o s o o ¢« o o« o« 14,58
Sweepback (projected plane), deg
Ieading edge « « « o« o o o o o s s ¢ s « o o o« o o o o 5242
Quarter~chord 1Ine « « ¢« o« ¢ « o s« ¢ o ¢ o « o o . o o e 50
Trailing €d@e « « « o « « o o ¢ s « o o o a o o . e e e ko
AIrPoll B8€CTION « o o o« o o« o = o « o o o a s & o .« « NACA 6LAOOT
Horizontal teil
Area (projected), 8@ £F « « ¢ « o o o o « o ¢« o o o s o « « « 0e354
Aspect 18510 ¢ ¢ ¢ ¢ ¢ o ¢ c ¢ ¢ o s 6 4 e e o s o o « o o 3¢5
Taper rab10 o o o ¢ ¢« o« ¢ ¢ o o o s o ¢ ¢ o s « o o « o s 0«3
Span, £6 o o« ¢ o ¢ @« ¢ 4 o s 4 4 e 4 6 e s e e o e s e e o o l.110
Root chord, £F « ¢ o o o o o o o s o o « o s o o o « o« s+ o OJug5
Leading edge location
Station, dNe « o o o o« o ¢ o o o o ¢ o 4 o o o o o o e 53.11
Water 1ine, Ine « « v %o o o o « o 2 o o o o« s o « ¢« « « « 14,58
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TABIE TI.- GEOMETRIC CHARACTERISTICS OF THE MODEL - Concluded

Tip chord, £5 « « % ¢ o ¢« o« i o 0 o 3 h YTV e e e 0.143
Dihedral, deg .+ + » . e ¢ 4 o e s e ® s s e s 8 s s s e s 15
Sweepback (projected plane), deg
Teading €dge « « « o o o o o o o o a o s a4 ¢ o e v e« o« o o hh,93
Quarter=chord 1ine .« « « o o ¢ ¢ 7 %74 % ¢ 6 o ¢« o ¢« o & @ 4o
Tralling edge « ¢ o ¢ o ¢ ¢ ¢ ¢ ¢« o o o o o s s s o o o o = 19.93
Airfoll section @ ¢ e 4 & & s & & o s s .9 e e _o e s _e _e_ 2@ NAGA 6""A-OQ5
Outrigger housing - - i
With tip aileron configuration L _
Tength, £5 « o « o o o o o o o o o o o o s o s o 4 ¢« o+ + o« o 0,864
Maximum hedght, £5 « o o o« « « o ¢ ¢ o ¢ o o o o o o o o« « o+ 0.068
Maximum width, £ « o o ¢ ¢ o« o o ¢ o o o o o o s o o + « « 0.045
Leading edge location - e e - ... ==
Statlon, dne « ¢ ¢ o ¢ e TeTe 0% 0 T E T e s e . s - 30683
Wa'ter line, in. ® & & e & o e 6 8 8 6 8 © © o e e ® ° 8 o 6.""5
Center line location, wing station, ine .« « « ¢ ¢ o« o « « «» 12,16
With vented spoiler confilguration : S -
Tength, £5 « + « o o o o o % « o o o o o o o ¢ &
Meximum height, £ « « ¢« ¢ o ¢ ¢ o o ¢ s o o o &
Maximum widbh, ££ ¢ ¢ ¢ o« ¢ ¢ ¢« o ¢ ¢ ¢« o o &
Leading edge location v LT
S'ta.‘tion, in. o« e . - . « . . . - . - L - . L)

e e . . 0.788
<+« . . 0.068
0,045

31.TL

.
1 & a o
.!'

.

.

.

-

Water line, in. ¢ & 8 8 e e * e e’ @ TR 4 Te e & e @ 8 o 6."'[’5
Center line location, wing station, In. .+ « « + o « « « « . 1kh.16

Tail bullet fairing
Length, £t « ¢ o « « & 3_ )
Maximm height, Tt v e 4 4 e e e
Maximum width, £t . . .

Leading edge location
Statlon, Ine o ¢ ¢ ¢ o ¢ ¢« o ¢ o 4 e e o e o o o s s e o o o 51.10
Water 1ine, INe o o ¢ o ¢ o o o« « « o o o o o o o o o o o . 12,24

e e i e e e e e e . 0.8TL
e e e e e e e e e e e . 0.098
C e e e e e e e e e e e . 0.113

*Sa o
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TABLE II.- AERODYNAMIC DATA
() Basic model with tip aileron

sl w|o|a]a]o]e jafglefo]e]ajo]s [aafa]o]e]alo]e

8y = 0% By = 0% A= 1953 R = L.9x100 Oy, = 0% By = 075 K = 1.55; R = 1.8c10% By, = 0% g = 0% K = 1.55; R = 1.810%

-3.61-0.9|-0.33 o.ﬂs 0.169]0.001 [-0.00 |0.002 | 9.6}-3.2 | — [0.120{-0.113{0.008 ] 0.05 ag i 5.9]-3.2 | 0.360.076 [-0.105 |o.002 | 0.05 |-0.019
o | -.5] -.08{ .ok7| .065] .000| -.c0 | .003 9.; ~1.2 0.6 k2| -.211| 002 ] .on| 002 [ 5.9 2] .33] .076] -.108{-.003 | -.2| .00
2. -5 10| O8] -. «C00} -.00 g 9.8] .8| .63| .1v3| -.213{-.005 | -.03] .25] 5.9] .8[ .35| .076] -.109{-.003 | ~.03] .05
s . 9.7| 2.8 .6e| .1ha} -.006|-.m0 {-.07 .51 5.8) 2.8 .35| 078} -.106]-.q12.| -.0T] %
omfl 9.7| x.8] .G aM| -.199]-.013 |-.11[ .ok3 [ 5.8| ».8| .33| .076] -.20k{-.c1T [ -.18] .
SO0k (| 9.7) 6.9 | .61 L1KO| -.29T-.020 | -5 056 ) 5.8| 6.8} .35) .o76| -a05i-.022 ] -2k .00
003l 9.7 8.9 | .6] .239| -.208{-.023 | -.19} .063 | 5.8] 8.9] .33| .076] -.112)-.00T | -.27| .066
8y, = 0°; By = 0% M = 1.90; B = 1.Tac® 8y, = 0% 2 = 0° M ~ 1.50; R = 1.8a0%
9:6|~3.0 | ~m| 217} ~.1Th| .005{ .ok| -.cn1 | 5.7|-3.0| .28{ .062] -.093] .00&| .OM| -.22
96| %] =} 18] -.r7a-00L | ~.on)] .006 ] 5.7 &| 28] . =.050{-.00L | ~.&| .006
9.6| L0 | | 16| ~a1T2|-.003 | ~.02[ .009 | 5.T| L.O .g «08L| =.090]{-.003 { ~.02| .009
2.6 3.0] .50 .i6| -a2f-. -.06| .n8f 5.7] 3.0| .28] =09k |-, 007 -.05| .19
9.5| 3.3 | | .215| -.17h|-.am1 | -.09] . 5.7| 5.0 | .28{ .o6@| -.09Tj~.00L [ .08} .029
2.6] 7.1 .%| 15] -.176]-.09 | -a2] .c36 0 57| 7.1 .28 .063f ~.103]-.c05! -a2] (038
9.6] 5.1} .%0] 215] -.1|-.09 j-a6] .obk | 5.7] 9.1 | .28} .063] -.112]|-.c09 | ~.15] .ok
3y, = 0% Bp = 0% M= 2.357 R = L.B0° 8 = 0% Oy = €% M= 2,35 B = LO0°

oaL — —= | -—— | ookl .ob]| -.007 | 2.6}2.9] 2] .om| - 00k | .03 ~.00T
9.k 089| -.103{~.00L [ ~.00{ .OGL | 3. L) .21 om] - 000 | ~.0{ .001
001 9.k 090| = -.001 | -.0L gg 5.6| L. 2] 050 - =-.000{ -.QL ggg
00l 9. .090] =.13T]~.005 | -.0k| . 83.6] 3.2} 23] .050} -.063}-.003 -.gg R
oaL 9. 051 | -.130]-. -.07f oMl 5.6( 5.2| .21} .om| -.069{-.005] -. 5
001 9.k o9e| - - -10] .oeill %.6| T.2] -1} .om| -.077|-.008] ~.09f .021
%.2{ -1 .Q} .176]|-~.279] .002| .00 ([-.000] 9% 093} ~.16L{-. -ak| .oe6] 5.6] 9.3| .2a] .om| -.0%|-.c1|~22{ .025
8y, = 0% 8g = 0% M= 1.55; R = 1.8a0% oy, =% M =155 R = 1.940° 8y, = -10°% Bg = 0% M = 1.555 R = 1.9x10%
o]-3.2] .05 .on8 ] -. .08 .ok [-.cnr][-3.6 .o19| .a18}-.00% | -.00( -.002 { 9.7}3.2| .60 .138] -.197| .0ce| .05 -.018
2.%] 2] .09 .OkT}~. -.003] -.QL .ooE Q «0%8| .oTh)-.00% | -.00| .000 § S$.7)-1.2| .60 .138} -. =.00% | .01} -.00@
2.%| .8 .10| .0s8) ~.006|-.005{ -.2| b 2.9 :g'b_rg ~.016{-.00% | ~.00f .02 | g7 .8| .61] .139] -.205{-.c20 -.gi a5
2.k 2.8 .10| .0k8{ -.007] -.q11] ~.06| .0 5.8 =.101]-.005 | -.a0L g 9.7| 2.8 .60 .138] -.298§-.q16 | ~. ﬁ
2.kf h.8] .20! .0%9| -.010{-.27} -.20| . 8.8] -.5] 54| 19| -.179]-.006 | ~.0L] . 9.7| k.9 | .60[ .138] -.192{-.021 | -.22| .
2.k 6.8 .10} .0k9 -.gg - -a3 | o5T§Rr.7| -3 | 73| 12| -.250(-.006]-.01] .005 k 9.7| 6.9 | .60} .236] - -.005 | =.16| .05T
o k! 8.9 .11| .0kg | -, o -16| 055F1%.5] -5 9L} .263] -.300{-. -.0L| .005] 9.T} 8.5 .59] .133]| -. =029 -.19] .05
8r, = 0% B = 0% M = 1.50; B = 1.8a0% &y, = <10°; oy = 0% M = 1.907 B = 1.TA° By, = -20°% By = 0% K = 1.50; R = 1.D0%
2.3{-3.0] .08} .ov2|-.020| .co7] .ok |-.mm2fl 0 {-.3}-.01{ .oh2| .031]-.003[-.c0|-.000 | 9.6]-3.0] .M9| 113} -.169] .00R | .OM -.g;k
2.3] . SOML | -, -~00L| -.QL]| 003 -3.6] -.3 j~.28] .067] . -.003 | ~.01] ~.00L | 9. &1 s0| 113 ~a69)-.008 [ -] .
2.3| 1.0] .08] .OML |~ -.002 -.02| .008| 2.8] -.3{ .10| .ok2]| -.028{-.c03 | ~.aL] .000§ 9.6| .0| . jz.li =.1691-.006 | -.02| .007
2.3} 3.0| .08} .oMl | -.ck]|-.00T} -.05| .8) S5.7|--.3] .27 .06L] -.090 -:g&; -.0L] .o00L ] 9.6} 3.1] .%0 ~170{-.010 | -.06] .017
2.3| 5.1| .08} .ok2 ! -.028{-.012] -.08 | 028K 8.6 -.3| M| .09T| - - -.00] .o0n§ 9.6]5.1 g J13 | -.170]-.2k | -.09| .028
e.3) 7.1| .08} . -.036] -.016] -.11 .g 11,3 -.3| .6 1%{ -.207]{-.00% | ~.00] .omL] 9.6] T.1]| M| 23| -.172|-.09{-.13]| .0
£2.3] 9.1} .08 .o%2{ -. -.020| -k . Ih k| o3| .T7] .200] -.2660-.005 | -.02.| 001§ 9.6] 9.3 | .%9] 113} -.ITT|=.023 ] =.1T}
By, = 0% 8y = 0% X'= 2.3% R = L.340F By, = -10% &y = 0% M = 2.3%; R = 1.DACS By, = ~10°%; Bg= 0% M = 2.35; R = L.TX10%
2.3[-2.9] .06|..037 | -.029| 005l .03 ]-.c08|l-3.5] <3 |-.22]| .056] .032{-.00@|-.cx]-~. 9.k|-2.9] .37| .087[ -.206] .002| .08 -.006
2.3| .6} .06} .036}-.030] .000| ~.01]| 0| O =2 | =.05{ .037| = -.00@ | -.a1| ~.000 § 9.b| . «37| 087 -.ﬁ =00k | .01 .002
2.3} 1.2] .06] .036 -.gg .00 -0 .ooh]| 2.8 -.x| . gg -.031|-.0g2 | -.0L] .000 ] 9.h} 1.2] .37} .08T| -.108]-.00k | -.02| .003
2.3} 3.2] .06] .036 | -.032|-.003f -.oh | .o20ff 2.6] -] .20f . = 055]-.002 [ -.00| .c00 | 9.%| 3.2| .38] .088( -.21k|-.008] -.0k| .009
2,31 5.2| o 03T | -.035]-.006] -.06| .@6f B.5| - .a o] -.087}-.002 | -.00] ~. 9.4 5.2 .39| .089| ~.226]-.011{ -.O7| QA5
2.3} T.2| .06} .03T|-. -.009] -.09 | .0c22¥11.3] -1 . Ja15] ~a232{-.003 | -.00| .000 | 9.%] T-3{ .39 .08 -.1k1|-. -1 o
2.3} 9.3] .06] .03T| -.0h&{-.012| ~.12 [ .ca6fik.2{ -.1| 60| a72] -.1TH{-.003 | -.00] . 9.k]| 9.3] .39] .02 | ~.157|-.0u7| -2k[ 026
8p, = -1°; By = O°5 555 B = 19108 oy, = -10°; 2y = 0°; M = 1.55; B = 1808 o, » ~20% %y = 00 K = 1.55; R = 1.5400
5.8[-3.2{ .34 .o ook | .o |-.ceo| 2.30-3.2 | .o8{ .ok8| .oor| .00d | .ok ]-. -3.61-.31-.38| .085| .183]-.008| .| -.007
5.8(-2.2|- .34} .ot 003| .0L -.m 2.3{-1.2 | .08{ .083| .003|-.002{ .oL -.g =l|=-3{-21} .053| .08L|-.009} .00 -.00%
5. 8] .33 gz 009 -.03 | 2.3] .8 JOM} .00L[-.009 | -.03| .2 ] 2.9]-5] .11 .0} -.009]|-.005] .0O} -.003
5.8} 2.8] .33]. as] -.o7 | 032§ 2.3] 2.8 | .08] .0k8] .000}~. X 028 ] 5.8]-.5] .33} 015 ~.096]-.010 | =00 -.000
5.8f k.8[ .33] .ok o2z | -.21 | .ok7 [ 2.3 k.8 % o -.003 {-.021 {=.20| .oM3 | B.T( -5 53] .19 ~.17h|-.c02 ] -.00] .02
5.81 6.8] .33( .07 oeT| -.15 | 060 2.3] 6.8 .08] . =.010]~.027 |~ 3% | . 11.6{ =.5 g 216 | -2k |-.cn1 | -.00] .003
5.8] 8.9} .33| .073 03L] -.18 | 06T | 2.3| 8.9 | .09{ .0h9| -.0@1 |-.032 | 17| .05 [1k.6| -5 . 260 -, -3 | ~.0L| .0Q5
oy, = -10% &g = 0% K = 1.50) R = LTxi0® 8y, = -10°; Oy = 0F; X = 2.905 R = 1.0 oy, = ~20% 2np = 0% M= 1.90; B = 1.0
3.7|-3.0] .2T| .06 -3l 2.3]-3.0] .o6| .oh2| -.018| .00k | .03 -ﬁ ~3.6| -3 | ~.28| .o7L| .098]-. «Qa| -.003
5.7| <& .27} 060 003 2.3| .M} .OT| «OM| -.0L7|-.00F | -.0R =Lt =e3 | -.08] . .032|-.008 | -.00| -.003
5.7} 1.0] .26] .060 o008 |l 2.3] 1.0 | .o7| OM1| -.01B/-. ~.02{ .007 ] 2.8] -.3| .09} .0k5 | ~.007|-.008 | ~.00] -.000
5.7} 3.0] .26| .00 K 2.3| 3.0 .06 .o\L{ -.00f-.an1 |-.05| .ou7 f 5.7 --3| .26] . ~.089|-.c08 | -.c0| -.00m
5.7] 5.1} .26} .06 o 2.3] 5.1 | .o7) .ok -.0es|-.005 [~.08] .o27 )| 8.6] -.3| A3| .097 | ~.18]-. -.00] -.000
3.T| 7.1} .26 .08 .ﬁa 2.3 7.1 | .07 Ok -.of. =020 |~.I1 .ng 1n.5|-.3| .6 1% ~.206]-. -.00| .000
5.7| 9.1} .26| .0&2 AT R 2.3| 9.1 | .o7{| .0k3| -.Ok3|-.02k [-.1k| . k| -3} 76| 18| ~.263(-.009] -.00] .00L
By, = 107 8y = 0% N = 2.35; B = L7105 8y, = =10°%; 8y = 0% W = 2.35; B = 1.5408 B, = 207 By = O°; N = 2.3%; R = 1,aos
s.6{-e.8| .20| .0% e.3]~2.9 | .o5] .037| -.0@6]| 002 | .08} -.008 [~3.5] ~.L{-.21]| 081 | .033{-.006| .00| -.00
9.6] .6| .20} .oh 2.3 .6} .05 .036| -.026]-. -.01| .002f§ -.1| -1 -.06] .0h1 ]| -.002|-.006 | -.00} -.00R
5.6f 1.2| .19| .o89 2.3| 1.2 03| .036] ~.ce7|-. -.02{ .003f 2.8 ~.1] .o7] . ~.029]~.006 | -.00} ~.002
5.6] 3.2] .20] .0k% 2.3| 3.2 | .03 .036] -.029]|~.006 [ -.0k] .c10} 3.6} -.L| .19] .c5L{-.0%3]~. -.00{ -.000
5.6] 5.2} .20| .0%0 2.3] 5.2 | .05) .037) -.031f-.009 |-.06] .6 ] 8.3) -2 '7?6 076 | -.089|~.006| .00} -.00L
3.6| T.2] .20| .0% 23| r.2| .05 037 -.giz -.a3 |-.09| .ce2 f11.3f -1 k6| .118 -.1% -.006| .00{ .000
5.6] 9.3] .20| .0% 2.3} 9.3 .05] .037| -.0k2]|-.015 | -2 . .2] -.1| .| .27 f-.178|-.00T| .00] .00
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TABIE II.~ AERODYNAMIC DATA - Continued
(a) Basic model with tip aileron - Concluded

gifdi| afw| @l [ofa|alala[a]ala|ola|glaafojafo]a]s
8y, = -30% 8g = O°; M= 1.55; R = 1.9a0® By, = 10°% By = 0°; N = 1.9%; R = L.Ba0* By, = 20°; By = 0% N = 1.5 R = L.5a0°
-0.1|-0.% |-0.12 }0.063{0.090{-0.012 | 0.0 |-0.02 | =3.6]~0.5 [~0.3% |0.073]0.16% | 0.005 |-0.00 | 0,00k | -3.6 [-0.3 |-0.32]0.0780.157 | .10 }-0.0L § 0.003
2.9{ =kl . 0L} 000 -'mi 0t -.009] 0 ~.5| -.0T| .08{ .0 | .o|-.a| .0%] 0 [|-.5] .08|.033] .05k} .00} -0} .o@
5.8 -.%} .32} .083}~.08p} -.qi 0l -.006] 2.9(-.5] .15 .033]-.028}! .003] -.0L| .003] 2.9} ~.5} .16] .0f0}-. <01} -.0L | ~ 00
9.2 =] 33] .13kf-.080¢ -. 00} -.003] 3%.8(-.5| .37| .080}~.125| .006| -.ax| .0ce} 5.9} -.5 g 089 (=221 | o0} ~.00 | -.o00
12.k] -.5] 76| .20k]-.255] -. -.00f ,000] 9.3} -5} .61} .1k0)-.221| .006} -z} o} 9.3 .-.a i 150]-.226 | .cl0f =.00 ]~
15.6] =8| .oh| .2oh|-.313| -.017 | -.0n| .003)12.5 -.5| .@1f .215]-.28 .gﬁ 01| .co0f1e.5] -k} .8} .227L-.289 | .009 -.00]-.
15.7} =.5( 1.00| «313{-.348| . -.00f -0 15.2) ~.xf .98 .307|-.3%3 | 00T} ~.00 | -. 05
8, = ~30°%; B = OO M = 1.90; B = 1.64a0° By, = 10% B = 0°1 K = 1,905 R = LAY oy, = 20% B = 0% W = 1.90; R = 1.7:A0*
-3.6| -.2| -.28} .o8{ .o97| -.c21 | .00} -.020] -3.6] -.3| -.25| .06k{ 0@ | .00k} -.00(| 002§ -3.3] ~.3f -.2| .067] 085 .009| -.0L{ .om
-1 -.2|~-.08] 098] .031f ~.c11 | .00| -.007] © | -.3|-.05] .0h3] .0R6| .008| -.00{ .02} 0 |-.3}-.0h| .ONT| .0R0| .009} -1} -.0@
2.8{ -.2] .08} .093{-. =011 | .00f -.006] 2.9} -.3} .12} . -.033| .ook|-.00] 0mf§ 2.9]-.3f] .13} OB |- «009 | =.00 | -.008
5. 7| -2} .25] .069{-.088} -.cl2 | .00} -.00h] 5.T| -.3| .29} .065]-.096| .co3|-.00| .c00f 5.8{ -.3} .30} .omaf{-. 009} ~.00 | -.003
9.1f -3} . anf-. -.012 | .00f -.003| 9.2| -.31 .h9| .013]-.26T7| .005| ~.00]~.00L} 9.2|-.2| .50{ JZ[-.17T1 | .008( ~.00 | -.006
12,2} -.3| .63] .170|-.218| ~.013 | ~.00| -.00L | 12.3] -.3| 67| «1T8{- g =00 | ~,002 | 12.3] -.2] .67 .186-.:3 +008] =.00 | -.C08
15.5] ~.3] 4| 2800~ . ~.00 | -.00% | 15.5] -2} .05| .en}-. «006| =00 | .10
B, = -30% 2 = 0% M = 2,35 R = 1.810° &, = 10% 3p = 0% M =2,3%; R = 1.8408 o, = 209 Oy = 0% K= 2,%5; R = L.T10®
-3.3{ -} -.22] .069} .032[ -.009| .00f -.00Tf -3.5} ~.2 -.3 OS] L0R7 | .00k| 0G| = =334 =1 | =18} .057] .02 | .008| -.00 | =.0M
=.1] -.1] -.06] .oh9]-.003] -. +00] =006 ol = +038{-. .00k [ ~.00|=-,000f 0 |=~.1|~.03] .0h2{-.003| .008| -.00|=-.00@
2.8] -1} .06 .o7]|-.030] -. .00 -.ggg 2.8] - 09| .0391~.037| .00h] ~.00 | ~. 2.8] =1 .10{ 0¥k [«,0M0 [ .008| =.00 | =.003
5.6} =1 lf OFT|~eOFT| ~e009 | (00| ~. 3.6§ -.0| 22| .0%3)-. 004 | .00{~0LF 5.7 ~.1| (23] 099|063 | .008| .00 [-.COM
9.0 =1 E 087 -.cga -009| .00} -.003] 9.0 -.1]| .37 .087]-. 00k [ .00} -, 9.0¢-.1[ .38 o?» -.10% | ,008( .00 [-.00%
12.1} -.0| Jhy| .133f-.1h5] -, .00} -002|12.2] -1 3| .137]-, .00k [ .00 -.ggi 12,1 -.1| %[ .1b2t-19 | 007 .00 |-.008
15.2] -1} . «199{~.193} -« «00| ~.0m0f25.3}) -.1| .67 =200 [ .005| .00 |~ 15.31 -1 68| 226(-. 0T 0L | =-.009
BL = -10°%; B = -10°%; M = 1,55; R = 1,8a0° By, = -20F; By = <1007 M = 1,55 R = 1,.8¢10° oy, = 207 By = 20P; M » 1.55; B = 1.7pQ0%
“3.7] -.5| -.38] .08 .183] .o01[-.00] .002]=3.T| =.5[ =«39| +051| 152 [ =.0Ok [ ~.00 [ ~.00k § =3.6[ =5 ~.37| 086} .180 | -, .0l [ =009
2.9{ -»{ 11| .om|~.011{ ~.000|=-.0k| .O0Ok] -.1] ~.5| -.22| .056] .085 | -.00k !} -.00 | ~002] O =5 =101 093] .OT3 -.oui 0l |~ 003
5.8] -.5| .33| .oth|-.00%]| -.000 [ -2 | .cok] 2.9] -.5] 10| .05%{-. - 00| -.000} 2.9 -.53] .22]| .0%6]-.06(-.aa4| .cof-.00
9.2 “5| .37} .128{-.188] -.000 | ~.00L] .oOk| 5.8] ~.5] .32 .076]-. -.008| =.00| .00L} 5.8] -.3| .3+| .of0|-.do@|~, =00 | 002
12,8} -5 77| 299[-.261) -.000 | ~.00| .00k 9.2 =51 55| .128]-.183 { ~.008| ~.0L | 0RF 9.0} -.5| .56] .220{=.207 | ~.AT| ~.CQO} .00D
15, 7| -.5| .95| .290{~.319] ~.001 | -.oa| .oo3fare.h) -5 .75] .197|-.253-.006] -.cx| .0c3fiL.7|-.5] .73{ .290{-.2%(~.AT|~.00 [ .0OT
=.1f -5 -.11f o} o719] .000|-.ar| 0030 15.6] -.5| .93] .287|-. -.006f .01} 003 f1h.6l =53] 91] .2TO)-. ~.QLT| -.0L | .009
B = -10°; Oy = <10% M = 1.90; R = L. Tx10°% 8y, = -20°%; By = ~10°%; ¥ = 1.90; R = 1. 10" By, = 207 8y = 10%) N = 1.90; B = 1.8d0°
=3.6] =i3| =28 . W97 000 | -.0L| .003] -3.6{ -.3]| -.29| .OT6] .099 ] -. =00 |~.00 | -3.6] ~.3] -.2T| . .96 | -.cne| .co|-.o0m
[ -3| ~.08 EHE 03| .000f-.00| .003] -.1] -.3] -.09] .Oh% =-.C0h | -.00 | =000} O -3 =0T .33 030 | -.012] .00 |-.C00
2.8 -.3]| .09l . ~.027] .000)-.00f .003] 2.8] -.3] .08] .oh7]-.026|-.00h|-.c0| .c00] 2.8] -.3| .10} .OM8|~-.030 | -,Q12)] -.00 | -.000
5.7l .3 .26 .06L{-.087] .o000(-.c0} .003f 5.7] -.3| .25| .063]-.086]-.c0k] -.0| .0m] %.7]-.3| .27] .066{-.05¢ |-.c2e} -.00} .0
g.1| -.3| .h6] .10M[-.15%] .000[-.00{ (003 9.1] -.3[ A5 .103|=.15k | -.00k| -.00| .0m] 8.6] -.3| .| .l03|-.12% |- -0 g
12.2| -.3| .63} .168|-.21%] .000|-.01f .003}12.2{ -.3] .60 .163{-.203|-.00k|-.00| .002f11.5{~-.3] .G].157}.20 -.ol.i ~001} .
15.4[ ~.3] .80 .2%3]|-.277] -.000 | .01} (003 ] 15.%] -.3| .T9| .@AL]- - -01{ oefik.g}-.3] 79| .239|-.279|-.c0h| -.00{ .008
By, = -10% 8 = ~10% M = 2.3% R = L.Tx10°% &y, = 2077 8 = -10% K = 2.35; R = L.ACS 8y, = -20%; Bp = 10% K = 2.3 R = 1L.8a0S
3.5] =.1] -RL| +080] +03%| .00L|-400} +O00] -3.5{ =e1| =e2R| +O6k] «036 ] -.003] ~c00 | o002 | ~3.5]| ~.1{ =21} .06L] .031 [ -.G10| OO | ~.00%
-1 -.1] -.06] .OkO}-.002| o00L |-.00{ +0OL] -.1| -.1| -.O7| OR3}-.000{=-.003]} -.00 |~.002] © =1 =.03] «O%3 =008 | -eQLO| +0O0 | =.00R
2.8] «.1] .07{ .038{-.029| .00L |-.00{ .000] 2.8] -.1| .06| «okl{-.08T |~.003{ ~.00 | ~000] 2.8] -.1| .07 .OM2]-.032 ] -, <00 | =+008,
%.6{ 1| 19| OB0)-.0%| .00L| .00f J000] %.6] -.1| 1B} .0%2|~.05L | -.003 | -«00 [-.000§ 9.6] -.1] .20| .095}-.037 [ ~.C00] .0C | .OOO
9.0{ =.1] . «08L -'?ﬁ od | .00 =-.000] 9.0] -1 Eh 022|-.095{ -.003 | -.00 | ~.001 ] 8.9] -.11 .33| -08L]|-.09L | -.QLO{ .00 | 00O
12,1 ~o1] & J227]-. Ok § 00| .000]212.0] -1 kB .227]{-.1A1{-.c03]| .00 (-.000f1L.3] -.2] (BT a22 -.Jiag ~Qll| .00 ( .00
15.2| -.1] « Jg3l-.189) .oy .00| -.000f 15.2] -.1]| 6% 192|~188 | -,003] .00 (-.000f]1h.7[ -.2| .63 .189]-. - 00| OOk
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TABLE II.- AERODYNAMIC DATA - Continued

(b) Model less tail
glglalo|ala|afa|aalafe]a]als]a
By, = 0% &g = 07 W = 1.55; R = L.gx10® 8y, = -10°%; og = 0% M = 1.55; R = l.owa0®
=3eT{~0.5}-0.23]|0.062( 0,021 | 0.002{~000] 0000 | =3+T}~0.5]-0e31, o.ossfo.ms =300k | -0.00{ -0.002
ol =] «a06| 037|=e015| «002| =oQ0] =000 =-e1f ~o5| =+OT .gg-.cn.o ~.00k| .00 -.00L
2.9) -1 JaM Joh2(-.0k7| .oon} -.00]| -.000] 2.9] -.5] .13 . ~«O¥L| -.008| .00 -.00L
:.E - o[ .00Lf .00] -.00L] Z.9| -5 gi +O8T[=+068! -.00k] <00 -.00Q
Guh) =3 oLl 00| =00k 9.3] -3 . «280]--008] ~.005] +00{ -<000
12.5¢ =5 L] .00 =.002] 22,51 -.5| 72| A87|-.121] ~.006] .00 .000
15.8{ -.5 00| 00| -.002] 15.8] ~.5| 89| 27h{-a%0) ~.007] 00| 001
&y, = 0°; By ; B = 1.8c10°% 8y, = =10°; 8y = % K = 1,905 R = 1.Tx10®
=36} =3 002] =400 | ~o000f ~3¢6| -o3| -o28 053] J015] ~.003] 00| -.002
“ol] =23 008 | =00 =000 =a1| =o3] -.06] L03%{-.G13] ~.003| 00| -.002
2.8 -.3 «002] -a00] =00l 2.8{ -.3] +10f OW|-.03T| -.003] .00 -.001
SaT| ~e3 o] .00f-.0a] 3.7 «.3] .26] 053]-.062] -.003] .00| -.00%
9.2| -3 JO0L] 00| -.00L] 92| -3 okh] 096]-. ~.00k{ .00{ -.000
12,3 ~.3 <001 «00] =s002] 12.3| ~.3] 60] J15%|=.109f -.003] .00] -.000
15.5{ -.3 «000] 00| -.002 | 15.3| ~.3| .76| .230|~.126f -.005] .00 .000
&, = 0% By 355 B = 1.Tx10% 8y, = ~10% Bp = 0% X = 2,35 2 = L.T<10%
=3.5| -.2 «00L| 00| -e000| =3.5} -a1| -.20 % «000] -.0a3| .00{ -.002
0 | w2 W00L| 00| ~e000] =i| =ed| =.05] 029]=e0T| -.002| .00 ~,0C2
2.8 -.1 WO00L| 00| -.000] 2.8( =1 07| « '-:% -.002| .00 -.000
5.7 -1 00| «00f -.001| H.T| --1] .20]| .OMR{- -.002| .00 -.00l
9.0 -.1 00| «00] -.001f 9.0( -a1 E; <O} = 06T -.ggz 00 -.000
12.1| -.1 «00L] «QO} -.OOL} 123 -a1f & «120f-.082] ~. 00 <000
18.3| =1 «00L] 00| -e00L| 15.3] -.1| 62| 38 -.093] -.00k| .00 .O0L

(c) Basic model with tip aileron and plain spoiler

15

,:5|d:;[°x.|°n|c.|c;[°ricn ;&ld:élct.l%|°-[czl°!|cn ,:;|d5501.|0n|cnlcz|czlc.
o = 0% 8y = 0% &g = 2% op, = 0% 8y = 0% oy = 50% oy, = ~20%; oy = 0% B = 25%
¥ = 1.55; R = 1.8a0% M= 1.55; R = L.85ao* K= 1.9; R = 1L.8ao®
=3.6] -0.5] -0.36]0.086]{ 0. 176 | ~0.00% [~G.CL | 0.00k | ~3.7|-0.5] ~0.36]0.096) 0.178{-0.008| -0.0% o.g =3.T|-0%| ~0.39]0.096] 0. -¢0L3|-0.00|-0.00%
) -5] =. o5%| .073| -.003| ~.aL | .oOM} -.1] -.5] -.11| .063| .O78] -.007} -.OL -1 -.5] -.23] .04 . -.ai3] .00{ -.003
2.9 -5 .12{ 0%56]-.QLS] -.003| ~.00 | .0OM} 2.9] -.5] .22 .06R|-.c21| -. =Lt Jook] 2.9| -.5] .10| .0%9]-. - +00] -.002
5,8( ~e5f 3% .080{~.100[ =003 =01 | +O0k§ 5.8 =5 33| +08[-e05( -o006f =eOL| QO5T 58] «.51 .31 .080{~.087( -.032[ ~.00] 000
9.3 =5] 58] .136|-.197f -.003] -.0r| .00} 9.3| -.5{ 57| «138}-.190| ~.00%] -.or| .005Q 9.3} -.8] .55] .Ll32|-.180 -.m.e -.00 .g
12,8 =51 78] «208|-.: -.003| =<0k | .00M] 12.B]| =.%{ .T7| .209f-.26k( -.00%{ -.G1 .g&; 12.k| -.5] .735( .200{-.250| -. =.00]
15.T =5 97| -302f-.333] -.002] -.an | 0O%]15.T| -.3] .96 .300}-.32T| -.00h] -.@.| - 15.6] -.3] +93] .290{-.310| -.015| -.0x| .0O6
8 = P B = 0% g = 2% oy, = ~at°; 8y = 07 2g = 25%
M= 1.90; X = 1.8a0° M = 1.90; R = 1.7x108
«002 | ~3.6| 43| -.28] .0@1] .113| ~.008| ~.Gi| 002 | -3.6{ -.3] -.29] 080 .111] -.qn1| -.00| -.003
o2l o -e3{ -.08] .a5%| 048] -.003{ -.00]| .o02| ~.1]| -.3] -.09]| 093] .Okb| ~.011[ -.00| -.CO0R
20021 2.8 -.3| .08 .oR]-.010 -.g -.0L{ .o02] 2.8] -.3} .08| .0%0[|-.Ql%| -.000} -.00) -.000
o] 5.T| -.3] 26 . - = =00{ 0021 2.7] -.3]| 25| 065[-.079]| -.010| ~.00] 00
ol 9.1f -.3] 46} 211)]-.3%) -.003] -.00| .o ] 93| -e3] .A5| <1OT(-.1%2) -.c20{ ~.00] 00O
oml12.2| -.3] .6 a72{-.219} -.002] -.00] .000] 1B.2] -.3] 63| .167)]-.2A%] ~.@1] -.00] .om
200l § 5.8 -.3] .aL| .253]-.282} -.00e| -.00] .000f15.%| -.3] .80} .2k|-.276( -.011] -.00] .o02
8g, = 0% 8p = 0% Bg = 50° 87, = -20% oy = 07 3g = 5%
K= 2.35; R = .80 M= 2.3% B = 1.800
=3.8f =.1{ =.20{ .061] .028] -.00L{ .00{-.003] ~3.5| -.1] -.21] .068] .036] ~.00k| 00| -.003f -3.3| -.1| -.22| .067] . -.co8| .oo| -.007
-] -1} -.05] ok2}-.00| -.000] .00|-.003] 0 [ ~1] -.06] .OWT{-.003] -.003] .00] -.0G3] -.3| -.1f -.08] .05 _,832 -.008] .00| ~.00%
2.8] -.1] .08 oML -.ge «000| o00(=-.003] 2.8 -.1| .o7| .OM3{-.033| -.002] .00| -.002§ 2.8 -.1| .06| .0%k]-.033] -.007| .00| -.009
5.7] =.1f .20 ggg -.063| .000| .0|-.003] 5.6 -] .20{ .0%6]-. «002] 00| -.003] 5.6] -.1| .19{ .03ki-.058 -.00T7| .oL{ ~.00M
9.0] =.1{ +35{ .08{-. «000{ 0L -.00e]| s.0f -.1| .35| .086]-.097| -.002] .op|-.0@{ 9.0| -.1 E‘é .083(-. - 00| -.003
12,1} -.1{ .30] .131|-.1kk| -.000| .01]|-.002]22.1] -.1] .30{ .133(-.187] -.002| .00 -.003§22.0f -.1] . 129{-.181| -.007| .00{ -.00L
15.2| -.1| <65 198£193 -.000{ 0L ]=e002| 25.2} -.1] .65] +200|-.197| -.00L| Q| ~.003 [ 13.2| -1] .64] .193]-.L - 00| .000
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TABLE IX.- AFRODYNAMIC DATA - Concluded
(&) Basic model with vented spoiller

Sl wfw[wfa [a|n [afafafaf=]a =] [aafafajala]x]a

8g = 0% blockage Of) K = 1.55; R = 1,5A0° 8y = 25% hlockage 17%; M = 1.55; R = L.10% | 3g = 25° blockage 290% M = 1537 R = 1,9<10°

=3.6|-0¢5 1033 10.076{0.1TL [ 0.000]-0401| 04003 | =37 |-0% [-0.k0]0.208 ~3.7T
0 | -+5]-.08] O4T| O6T] «000{ -u01] o0ORY -l -.5} -.1k] 072 %
2.9] -.5] .14| .om|-.c23} -.000] -.0L g 2.3 -1 .08 . z.g
5.9 -.5! .36] .o171-- ~+000| -o0Lf 5.81 -.51 30| . 3.
93] =45| 60| 236 -.g =+000] -.01| L0083} S5.3] -.3] 2?3' 9.3
12.5| ~.5] 8| .211]-.28L| -.000] -.01] .00 12.4) -.5 .R 213 12.k
12.7] «o5) 1.00] .308]-.3%6| -0m] <.01] 4003 J15.7] -.3| +305 187

8g = 0% blockage OF; K = 1.90; R = 1,808 8g = 25°; blocknge 1T%; X = 3g =

=3:.6| ~e3| ~.26| 064} (091]| .000| ~.0] +003]-3.6| -.3| ~.30}] .090 =361
0 | =e3]| ~.06] .oM2] .029] .000[ ~s0L| "«003[ -.1] ~.3[ -.10]| .063 =1
2.8| =.3| .10| .Ok6|-.02T] .O0O| -.01| <003} 2.8 -.3| .o7] 060 8.8
5.T| =«3| 28] .062]-.092] =.000| ~.00] .003] 2.T| -.3| .24] .01 2.7
Gol| a3 === | == | -— «000| -.00] «003| 91| -.3| .M 126 91|
22.3| -.3| .66] .rm2|-.227| .000| -.00] .cO3|E2.2| -.3]| .&2| aTH 12,8
18531 ~a3| B (256{-.29T| «000| -.0R] 15.8| .3 .80| 255 15.h

umrr’;x-a.sm-n-:..w bg =

000 «OT6| «Ok3] =005 .qaL| -.008¢ -3.5
000 055) «003| -.005 01| -.008] -
+000 093}~ = | -~ ~— 1 2.8
000 <063} ~.0%| -.00k] .0L] ~.007T] 5.6
000 . m—.m 005 .| -.008] 9.0
+000 . -5 -.005| .o1| -.008] 12.1 &
15.3| -«2| .67] «203}-.199| .001] .o00| -.001]15.2] -] . «203| - -006| .1 -.000f 15.2] -1 65| .210]-.206| -. e ~.0m




Figure 1.~ System of axes and positlve direction of Porces, moments, and engles.
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A-22344
Figure 2.~ Three-quarter front view of the model with tip ailerons,

A-22347
Figure 3.- Deteil of the tip ailleron and Plain spoiler.
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(a) Spoiler on the upper surface.

A-22348

(b) Deflector on the lower surface; 29-percent blockage.

Fiéure i~ Detail of the vented spoiler.

A-22349



Tip aileron

|
|

l—— 261 ——]

MS 29.25

Yented spoller

All dimensions in inches
MS denotes model station : MS 45.90
WL denotes water line

WL L4.50

WL 8.10 '
i< < T ]

M k.50 MS 55.40

Figure 5.~ Three-view sketch of the model.
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) ]
A1l dimensions in inches 25.75°
ﬂ
|
1-2.65
Tip aileron pivot
10.37 / 35% Chord
-—
! Hinge lin 28 g
| b Hinge line
5.06 ™% 3 7 |__69% crora
i——f —TT% Chord
1
l.l+2
po——n 6.66 397 —~

12.h8

1k.16

Figure 6.- Detail sketch of the tip aileron and plain spoiler.



Spoiler trailing edge
=
l,..-63$ Chord
13 __73% Chord

=
_-___.po—l"""'t
-—

£

2

Section A-A

' TT% Chord

U .

.65

8.4

354 —

A1} dimensions in inches

- 1436

Figure T.~ Detall sketch of the vented spoiler.
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Figure 8.- The variation of incremental rolling-moment coefficient with

left tip aileron deflection.
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a, deg
o
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=01
-30 -20 -10 0 10 20
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Figure 9.- The varistion of incremental rolling-moment coefflcient with
total mileron deflection for various offset neutral positions.
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g  .0006| @, deg
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Mach number, M

Figure 10.~ The effect of Mach number on aileron effectiveness based on

differential sileron deflection.
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Figure 1l.- The incremental yawing-moment coefficient due to left tip
alleron deflection; B = 0°.
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n

Incremental yawlng-moment coefficient, A C

.01
Offset &, .
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—_——— 5 =30
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Figure 12.~ The incremental yawing-moment coefficient due to total

aileron deflection; B = a®.
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01

g8, deg
a5
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| - - —r———
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(a) M=1.55
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¥
(@]
p]

{b} M=1.90

Incremental rolling-moment coefficient, A.Cz
o
| o
|

Angle of attack, o, deg

(e) M=2.35

Figure 13.~ The incremental rolling-moment coefflclent for 25° and 500
deflectlion of the plain spoiler.
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.01
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g (p) M=1.90
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E .01
83, deg
25
o}
=01
A 0 i 8 12 16

Angle of attack, ¢, deg
(e) M=2.35

Figure 1ll.~ The incremental yawing-moment coefficient due to 250 and 500
deflection of the plain spoiler; B = o°.
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Figure 15.- The incrementel. rolling-moment coefficient for_25° deflection
of the vented spoiler with 17~ and 29-percent vent blockage.
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Figure 16.~ The incremental yawing-moment coefficient due to 250 deflection
of the vented spoller with 17~ and 29-percent vent blockage; B = o°.
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. 6tot 85 All deflection in deg
| &) 50 ~ Tip alleron
< ———— - 25 YVented spoiler (17% blockege)
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Msch number, M
Figure 1T7.- The effect of Mach number an the incremental rolling-moment

coefficlent for several lateral control devices; a = 29,
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Figure 18.~ Roll capsbility of the various leteral control systems; o = 2%,

NACA - Laagley Fleld, Va.






